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Quartile (range) Incident TFOA/
No of knees (%)
Adj. OR* OR (95% CI) Quartile (range) Incident TFOA/
No of knees (%)
Adj. OR* OR (95% CI)
Q4 (2.84 - 2.98) 11 / 217 (5.1) 1.64 (0.60-4.48) Q4 (2.79 - 3.04) 27/288 (9.4) 1.23 (0.63-2.40)
linear trend p ¼ 0.49 linear trend p ¼ 0.36
U shape trend p ¼ 0.13 U shape trend p ¼ 0.04
FSV_M Str
Q1 (2.40 - 2.69) 8/218 (3.7) 1.0 (ref) Q1 (0.31 -0.51) 29 / 287 (10) 1.0 (ref)
Q2 (2.69 - 2.77) 207/219 (9.1) 4.08 (1.65-10.10) Q2 (0.51 -0.57) 18/291 (6.2) 0.59 (0,32-1.08)
Q3 (2.77 - 2.84) 14 / 220 (6.4) 2.18 (0.83-5.69) Q3 (0.57 - 0.63) 15/288 (5.2) 0.54 (0.29-1.00)
Q4 (2.84 - 3.00) 12/217(5.5) 2.37 (0.89-6.32) Q4 (0.64 - 0.88) 18 / 288 (6.3) 0.67 (0.36-1.25)
linear trend p ¼ 0.31 linear trend p ¼ 0-19
U shape trend p ¼ 0.18 U shape trend p ¼ 0.04
– – – StrSS
– – – Q1 (0.27-0.50) 28/288 (9.7) 1.0 (ref)
– – – Q2 (0.50 - 0.58) 20/289 (6.9) 0.72 (0.38-1.34)
– – – Q3 (0.58-0.68) 12/289 (4.2) 0.42 (0021-0.83)
– – – Q4 (0.68 - 0.93) 20/288 (6.9) 0.72 (0.37-1.40)
– – – linear trend p ¼ 0.19
– – – U shape trend p ¼ 0.35
– – – StrSM
– – – Q1 (0.20 - 0.47) 30/288 (10) 1.0 (ref)
– – – Q2 (0.47-0.55) 23/289 (8.0) 0.76 (0.43-1.35)
– – – Q3 (0.55 - 0.63) 9/290 (3.1) 0.33 (0.15-0.70)
– – – Q4 (0.64-0.91) 18/287 (6.3) 0.62 (0.33-1.19)
– – – linear trend p ¼ 0.06
– – – U shape trend p ¼ 0.13
*Adjusted for sex, age, race, body mass index (BMI), leg alignment, TF status of contralateral knee and baseline KL grade.
Abstracts / Osteoarthritis and Cartilage 21 (2013) S9–S62 S59Conclusions: The ﬁndings support the concept that idiopathic OA is
a bilateral disease, and that the risk of incident ROA and structural
change in radiographically normal knees is strongly related to (the
severity of) CL ROA status. KLG0 knees with CL KLG2 may thus be
considered an “accelerated” ROA incidence model for studying early
(pre-radiographic) changes in OA.Table 1
ROA incidence and JSW change (subset) in baseline non-ROA (KLG0) knees, depending on contralateral (CL) knee ROA status and trauma history.
2-year follow up 4-year follow up
CL ROA status (n¼ incidence /
JSW analysis)
% ROA
incidence
Δ mJSW (mm)
(mean/SEM)
Δ x¼225 JSW
(mean/SEM)
% ROA
incidence
Δ mJSW (mm)
(mean/SEM)
Δ x¼225 JSW
(mean/SEM
Healthy ref. (n¼77/77) 0 -161 / 50 -171 / 49 1.3 -189 / 51 -261 / 42
All KLG0 knees n¼1618 No CL ROA (n¼1142/174) 1.3 -148 / 39 -138 / 38 2.7 -365 / 55 -360 / 48
Mod. CL ROA (n¼253/89) 6.3 -84 / 52 -107 / 48 9.9 -340 / 84 -377 / 74
Severe CL ROA (n¼146/86) 5.5 -286 / 70 -225 / 58 14.4 -622 / 87 -522 / 78
Healthy Ref. (n¼74/74) 0 -161 / 52 -169 / 51 1.4 -192 / 53 -264 / 43
KLG0 knees without CL
trauma n¼1152
No CL ROA (n¼866/126) 1.3 -183 / 49 -142 / 45 2.8 -424 / 69 -389 / 60
Mod. CL ROA (n¼152/49) 6.6 -108 / 71 -191 / 74 7.9 -301 / 102 -410 / 95
Severe CL ROA (n¼60/35) 10.0 -203 / 103 -206 / 96 16.7 -570 / 142 -511 / 13794
IN VIVO IMAGING OF NF-lB ACTIVITY AND CORRELATION TO PAIN IN
A MODEL OF RADICULOPATHY
R.D. Bowles y, I.O. Karikari z, K.J. Riebe x, G.D. Sempowski x, L.A.
Setton y,k. yDept. of BioMed. Engineering, Duke Univ., Durham, NC, USA;
zDept. of Surgery, Duke Univ., Durham, NC, USA; xDept. of Med. and
Human Vaccine Inst., Duke Univ., Durham, NC, USA; kDept. of
Orthopaedic Surgery, Duke Univ., Durham, NC, USAPurpose: Intervertebral disc (IVD) herniation is a protrusion or extru-
sion of disc material upon the ganglion that can contribute to back pain,
radicular pain (radiculopathy), and nerve root dysfunction. Nerve root
compression and biochemical irritation associated with IVD herniation
may activate an immune system response characterized by monocyte
inﬁltration into nerve and IVD tissues with an associated increase in
expression of pro-inﬂammatory cytokines. Much neuroinﬂammation in
IVD herniation falls downstream of activation of the transcription
factor, NF-kB. The goal of this study is to test for a correspondencebetween painful symptoms and NF-kB activation using longitudinal
luminescence in vivo imaging of NF-kB activity in combination with
testing of pain sensitivities.
Methods: Transgenic mice engineered to carry cDNA for luciferase
downstream of NF-kB response elements were used in this study
(n¼24, BALB/c-Tg(NFkB-RE-luc), age 12 weeks, Taconic). Mice weresubjected to either a chronic constriction injury (CCI) of the sciatic
nerve (n¼12) or a sham surgery (n¼12). Mice undergoing surgery were
sacriﬁced on day 3 (n¼6/group; CCI, Sham) or day 28 post surgery (n¼6/
group; CCI, Sham). All mice underwent live animal luminescence
imaging (IVIS Spectrum, PerkinElmer) of NF-kB activity with quantita-
tive determination of luminescence acquired for regions of interest
(ROI) corresponding to the sciatic nerve. Ex vivo imaging of NF-kB
activity immediately upon sacriﬁce was also obtained for nerve, muscle
and other tissues to conﬁrm speciﬁcity of the ROI signal. In addition,
animals underwent von Frey testing of mechanical allodynia to deter-
mine a threshold of 50% pawwithdrawal, and the Hargreavesmethod of
testing thermal hyperalgesia preoperatively and at multiple timepoints
after surgery. Data was analyzed with two-factor analysis of variance
(Tukey post hoc tests) and Spearman r correlations.
Results: The CCI model produced painful symptoms consistent with
IVD herniation induced radiculopathy and increased NF-kB activity in
the transgenic NF-kB reporter mouse. NF-kB activity was increased
(p<0.05) in the ipsilateral ROI of the CCI group compared to the sham
group on days 3, 7, and 14 (Fig 1A). Von Frey testing demonstrated
Abstracts / Osteoarthritis and Cartilage 21 (2013) S9–S62S60a decrease (p<0.05) in the 50% withdrawal threshold for ipsilateral
paws in the CCI group, compared to sham, on all days after day 3 (Fig.
1B).; thermal sensitivity similarly increased (p<0.05) in the ipsilateral
paws of the CCI group as compared to sham. Both mechanical allodynia
and thermal hyperalgesia were strongly correlated to NF-kB activity
with Spearman r coefﬁcients of -0.83 (p<0.0001) and -0.80 (p<0.0001),
respectively (Fig. 1C). Multiple linear regression analysis demonstrated
that in vivo NF-kB activity in the ROI (Fig 1A) was best described by
sciatic nerve and adjacent muscle NF-kB activity (R2¼.79, p<0.0001).
Both the muscle (p<0.001) and sciatic nerve (p<0.002) NF-kB activity
were signiﬁcant explanatory variables on day 3, but only the sciatic
nerve (p<0.001) was signiﬁcant on day 28.
Conclusions: This study demonstrates the use of non-invasive
luminescence in vivo imaging to measure NF-lB activity in a mouse
model of radiculopathy and the correspondence of a key molecular
event in nerve injury to pain sensitivity development. Increased NF-
kB activity at the ipsilateral ROI in the CCI model was strongly
correlated to developing pain sensitivities. The demonstrated rela-
tionship between NFlB activity, mechanical allodynia, and thermal
hyperalgesia suggests the use of NFlB luminescence imaging as
a novel imaging biomarker of pain sensitivities and neuropathy in
this model of radiculopathy.
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IL-1BETA INDUCTION OF THE UNFOLDED PROTEIN RESPONSE (UPR)
MEDIATORS XBP1S AND CHOP DRIVES PRO-CATABOLIC RESPONSES
OF HUMAN ARTICULAR CHONDROCYTES
R. Liu-Bryan y, M. Husa z, M. Lotz x, R. Terkeltaub k. yUniv. of California,
San Diego, CA, USA; zOhio State Univ., Columbus, OH, USA; x Scripps Res.
Inst., La Jolla, CA, USA; kVAMC/Univ. of California, San Diego, CA, USA
Purpose: The progression of osteoarthritis (OA) can be promoted by
oxidative stress and low-grade innate inﬂammation within both syno-
vium and cartilage, driven in part by IL-1b. Increasing evidence impli-
cates activation and unsuccessful resolution of the ER stress unfolded
protein response (UPR) in inﬂammation, partly via oxidative stress and
apoptosis. In this context, activation of X-box binding protein 1 (XBP1)
to generate the alternatively spliced transcription factor XBP1s, an
event speciﬁc to the UPR, promotes inﬂammatory cytokine production,
and cytotoxic TLR2/4-driven innate immune responses in cells other
than chondrocytes. Moreover, C/EBP homologous protein (CHOP)
promotes apoptosis and oxidative stress, and progression of diseases
such as atherosclerosis. Several labs have observed association of
advanced OA and biomechanical injury with chondrocyte activation of
the UPR. Since prior function studies of XBP1 and CHOP in chondrocytic
cells have been limited to immortalized and transformed cell lines, we
examined XBP1 and CHOP regulation and function in normal human
chondrocytes.
Methods: We cultured ﬁrst passage human knee chondrocytes of
normal autopsy donors in DMEM high glucose with 10% FCS. Weassessed chondrocyte lysates and conditioned media by Western blot-
ting and Griess reaction. We included siRNA knockdown (Santa Cruz
Biotech, Invitrogen, respectively) and transfection for XBP1 and CHOP,
and stimulation with 10 ng/ml recombinant cytokines or with UPR
inducer tunicamycin (2.5 ug/ml).
Results: In normal human knee chondrocytes, basal expression of
XBP1s and CHOP were very low, but both were rapidly and markedly
induced by IL-1beta, comparably to tunicamycin, and associated with
other evidence of UPR activation, including GRP78 induction. Loss of
function studies of revealed that CHOP and XBP1 siRNA knockdown
inhibited nitric oxide release by>75% (P< 0.01) in response to both IL-1
and TNF. CHOP and XBP1 siRNA knockdown also blunted MMP-3
release in response to both cytokines. IL-1beta-induced caspase-3
cleavage was attenuated by CHOP siRNA knockdown. Chon-
droprotection by CHOP knockdown was mediated by blocking the
capacity of IL-1beta to blunt anti-inﬂammatory AMP activated protein
kinase activity. Conversely, gain of function of CHOP by transfection
potentiated IL-1beta and TNF-alpha induced chondrocyte apoptosis.
Last, XBP1s gain of function, by transfection, acted by potentiating
CHOP induction and apoptosis in response to UPR activation.
Conclusions: XBP1s and CHOP, which are increased in OA and injured
chondrocytes, transduce and amplify chondrocyte responses to IL-1beta
and other inﬂammatory signals, switching on pro-catabolic and
apoptotic signals. XBP1s and CHOP thereby have the potential to
promote OA progression.96
POST-TRAUMATIC OSTEOARTHRITIS IS ACCOMPANIED BY A DISTINCT
PATTERN OF SYNOVIAL INFLAMMATORY CELL INFILTRATION
B. Moradi y,z, M.T. Jackson z, A.K. Russell z, S.M. Smith z, M.M. Smith z, C.B.
Little z. yDept. of Orthopedics, Trauma Surgery and Paraplegiology,
Heidelberg Univ. Hosp., Heidelberg, Germany; zRaymond Purves Bone
and Joint Res. Lab., Kolling Inst. of Med. Res., Univ. of Sydney, Sydney,
Australia
Purpose: There is emerging evidence that synovitis in OA may not just
result from, but also play an active role in disease initiation and
progression. The speciﬁc inﬂammatory events that occur in OA, how
these change with time and if they differ from “non-OA-inducing” joint
inﬂammation have yet to be elucidated. A model of surgically induced
OA in mice was used to deﬁne the temporal inﬂux of inﬂammatory cells
in the synovium and its relationship with the onset and progression of
disease.
Methods: Destabilization of the medial meniscus (DMM) was per-
formed in one knee and sham surgery in the other of ten-week-old
male C57BL6 mice. Age- and sex-matched mice were used as non-
operated control (NOC). At sacriﬁce (day 1 to 112 post-surgery) blood,
spleen and knee joint synovial membrane (SM) were harvested.
Mononuclear cells in the SM (SMMCs; pool of 4 mice), blood (PBMCs)
and spleen (SpMCs) were isolated and quantiﬁed by FACS (n ¼ 4), and
cytokine expression was measured by qRT-PCR in replicate SM (n ¼ 6).
Student t-test was used to test for statistical signiﬁcance between
DMM, sham and NOC.
Results: There was no OA pathology in NOC or sham. OA pathology
progressed over 16wk in DMM following initial detection of cartilage
erosion at 28-35d, osteophytes at 14d, and subchondral bone sclerosis
at 14d. There was no change in PBMC or SpMC any time following
surgery. As there was no change in SMMC over time in NOC, a mean 
SD value was used for comparison with sham and DMM. We found 3
distinct peaks in SM cell number after surgery (day 1, 14, 35), each
followed by a resolution phase (Fig 1A). Cell numbers returned to NOC
levels in sham by 21 days, but remained elevated in DMM to day 42. The
activatedmacrophage % rapidly increased but returned to NOC levels by
day 35 in both sham and DMM (Fig 1B), although total macrophage
numbers remained elevated in DMM. The most striking difference
between sham and DMM was in T-cells (Fig 1C & D). At 14 days after
surgery there was a transient peak in CD4 and CD8 cells in DMM only.
The second T-cells peak (day 28-35) was larger and more sustained in
DMM, and from day 56 onwards T-cells, particularly CD4, were only
increased in DMM. Quantitative RT-PCR for F4/80, CD4, CD8 mirrored
the temporal pattern seen with FACS. Synovial IL-1b and TNF mRNA
increased rapidly (day 1) to the same extent after sham and DMM, and
returned to NOC levels by 14 days in both groups.
